A ttention has recently been drawn to the paucity of data on rates and causes of stillbirth, a pregnancy outcome that is largely ignored compared with later deaths. 1 Aboriginal populations in Canada rank at the top of the list of disadvantaged groups with the highest rates of stillbirth in the Western world. 1 First Nations and Inuit, 2 distinct Aboriginal populations in Canada, have stillbirth rates that are 2-3 times that among non-Aboriginal Canadians. 1, 2 Although these trends are alarming, little data exist to guide prevention efforts among Aboriginal Canadians. Not much is known about how stillbirth rates in Aboriginal populations vary by gestational age or cause of death, despite evidence that prevention requires knowledge on the timing and cause of stillbirth. 3 Opportunities for preventing stillbirth are typically greater after 28 weeks of gestation, 4 particularly at term, but the absence of gestational age-and cause-specific comparisons between Aboriginal and non-Aboriginal Canadians is a major impediment to reducing stillbirth rates. To gain a better understanding of the timing and causes of stillbirth in Inuit and First Nations populations, we estimated gestational age-and cause-specific fetal death rates in the Aboriginal and non-Aboriginal populations in the province of Quebec, where Inuit and First Nations people can be identified by parental information on birth registration forms.
Methods

Data and variables
Data included singleton stillbirths (n = 9983) and live births (n = 2 397 971) in Quebec from 1981 to 2009. We excluded 464 voluntary pregnancy terminations (International Classification of Disease [ICD]-9 code 779.6 and ICD-10 code P96.4). To maximize comparability with the prevailing literature, 5 and because recording was Note: CI = confidence interval. *Includes common-law union, single, separated, divorced and widowed. †Event numbers < 10 were not reported in accordance with provincial data privacy regulations.
Aboriginal births were identified by language spoken at home, and maternal or paternal mother tongue, as well as municipality codes for Aboriginal communities. As the reference group for comparison, we selected residents of non-Aboriginal municipalities who identified themselves as French or English speakers. Covariates, selected for their potential to confound the relation between Aboriginal status and stillbirth, included maternal age (< 20, 20-34, ≥ 35 yr), education (no secondary school diploma, secondary school diploma, postsecondary collegiate, some university or more), marital status (legally married or not), parity (0, 1, ≥ 2 previous deliveries) and period of data collection (1981-1990, 1991-2000, 2001-2009 ). For births with missing data on gestational age (n = 18 942), and maternal age (n = 269), education (n = 146 353) and marital status (n = 668), we used multiple imputation to impute the missing values based on the distribution of observed covariates for all births (including < 24 wk). 
Outcome measures
The primary outcomes were rates of stillbirth per 1000 births by gestational age and cause. We computed gestational age-specific rates using fetuses at risk (i.e., all live and stillborn infants in the gestational interval, plus ongoing pregnancies) in the denominator. 8 These prospective rates provide estimates of the remaining risk of stillbirth during pregnancy 9 and differ from conventional gestational age-specific rates wherein denominators contain only births that occurred in the gestational interval (not ongoing pregnancies). Conventional stillbirth rates, which estimate the proportion of fetuses that died out of the total that were born, are deceptively high early in gestation because of the relatively low number of live preterm births. 9 
Statistical analysis
We estimated odds ratios (ORs), rate differences and 95% confidence intervals (CIs) for the association between Aboriginal status and stillbirth, adjusting for maternal age, education, marital status, parity and period of data collection. We calculated prospective (i.e., gestational age-specific) ORs and rate differences in regression models using fetuses at risk as the denominators of the underlying risk. To obtain regression denominators for fetuses at risk, we recoded all later stillbirths as live births in the model. 10 For example, prospective ORs at 28-36 weeks were obtained in models in which stillbirths at 28-36 weeks were compared with the combination of live births at 28 or more weeks and stillbirths at 37 or more weeks as the denominator. Prospective ORs help avoid potentially biased associations at preterm gestational ages from models that are stratified by gestational age. 11 Stillbirths and preterm births share unmeasured risk factors, and regression of data stratified by gestational age can unintentionally make stillbirths appear more (or less) healthy than live preterm births, 12,13 thus biasing results and rendering many previous studies difficult to interpret. 14, 15 Odds ratios from stratified models can also be attenuated or amplified by the underlying rates of preterm live births of Aboriginal subgroups.
We estimated cause-specific ORs for stillbirth and Aboriginal status relative to live births, adjusting for maternal age, education, marital status, parity and period of data collection.
In sensitivity analyses, we ran models excluding births at 42 or more weeks, excluding births with missing data on maternal age, education and marital status, and combining pregnancy terminations with congenital anomalies. To facilitate comparisons with European countries, we also performed analyses for births at 28 or more weeks of gestation. Finally, we ran models starting at 25 weeks of gestation, because Quebec's definition of stillbirth (fetal death with a birth weight ≥ 500 g) may have missed the smallest 3% of stillbirths at 24 weeks. 16 Data were anonymized, and formal ethics review was waived by the Ethics Review Board for Research on Human Subjects of the University of Montréal Hospital Centre.
Results
During the study period, 45 Inuit, 159 First Nations and 7135 non-Aboriginal stillbirths occurred at 24 or more weeks of gestation. Still- Note: CI = confidence interval. *Rate per 1000 fetuses at risk. To illustrate, the prospective stillbirth rate for the Inuit group is calculated by dividing the 20 stillbirths at 28-36 weeks by the sum of the 680 total births at 28-36 weeks plus the 6 224 total births at ≥ ≥ ≥ ≥ 37 weeks, and then multiplying by 1000. †Not reported owing to low number (< 10) of stillbirths.
birth rates were higher in the Inuit (6.8 per 1000 total births) and First Nations (5.7 per 1000) groups than in the non-Aboriginal (3.6 per 1000) group (Table 1) . Rates of stillbirth declined over time for all populations except First Nations. Prospective stillbirth rates increased with gestational age in all groups, but the increase was steeper in the Inuit group than in the First Nations and non-Aboriginal groups (Table 2) . Differences in prospective stillbirth rates were large at term, especially between the Inuit and non-Aboriginal groups (3.0 v. 1.4 per 1000). However, differences before term were also elevated, especially at 28-36 weeks of gestation (Inuit 3.3 v. non-Aboriginal 1.7 per 1000). Prospective stillbirth rates in the First Nations group were not as large as rates in the Inuit group, although a divergence with advancing gestational age also occurred.
Overall, adjusted odds of stillbirth were 2.5 times higher in the Inuit than in the nonAboriginal population, and 1.9 times higher in the First Nations group (Table 3) . Prospective ORs of stillbirth in both Aboriginal groups, especially the Inuit group, increased progressively with gestational age relative to the nonAboriginal population (Table 4) . Adjusted odds were highest at term for both the Inuit (OR 3.05) and First Nations (OR 2.61) groups. Similarly, differences in the prospective stillbirth rate relative to the non-Aboriginal group increased with gestational age in both Aboriginal groups. At term, adjusted rate differences suggested that the Inuit had 1.24 and the First Nations group 1.04 more stillbirths (per 1000 births) compared with the non-Aboriginal population (Table 4) .
Relative to the non-Aboriginal group, the Inuit group had greater adjusted odds of stillbirth caused by poor fetal growth or short gestation (OR 3.14); disorders of the placenta, amniotic sac, cord or cervix (OR 1.77); and congenital anomalies (OR 2.78) ( Table 5 ). Although the same causes tended to be associated with stillbirth in the First Nations group, causes associated with the highest risk were diabetes (OR 15.3) and hypertension (OR 2.25).
In the sensitivity analyses, exclusion of births at 24 or 42 or more gestational weeks and inclusion of pregnancy terminations had no effect on results; exclusion of births missing data on gestational age and maternal characteristics led to weaker and statistically nonsignificant associations before term in the Inuit group, but no change in the First Nations group (data not shown). Similarly, analyses restricted to births at 28 or more weeks did not change the pattern of results (Appendix 2, available at www.cmaj.ca /lookup /suppl /doi :10.1503/cmaj.120945/-/DC1).
Interpretation
In this study, we showed that stillbirth rates in Aboriginal populations of Quebec were high throughout pregnancy, especially among the Inuit women. Although it is encouraging that rates of stillbirth fell over time in the Inuit and non-Aboriginal populations, no improvement occurred in the First Nations group. Inequalities in stillbirth risk between Aboriginal and nonAboriginal populations were particularly wide in late gestation (≥ 28 wk), and peaked at 37 weeks or later. These findings are of concern because stillbirth in the third trimester is potentially preventable, especially at term. 1, 4 Prevention may require improvements in pregnancy and obstetric care, although additional opportunities for prevention may be sought through modification of behavioural risk factors. Causes most strongly associated with stillbirth among the Inuit (poor fetal growth, placental disorders and congenital anomalies) and First Nations people (diabetes and hypertension) in our study are potentially sensitive to reduction of tobacco use or obesity. 1, 5 Both smoking and obesity are prevalent in these communities. 17 Our findings regarding stillbirth rates at term among Inuit and First Nations people contrast with the previously reported finding that Aboriginal people in Australia have higher stillbirth Note: CI = confidence interval, OR = odds ratio, ref = reference group. *Adjusted for maternal age, education, marital status, parity and period of data collection. †Difference in the stillbirth rate (per 1000 births) between the Aboriginal and non-Aboriginal groups, adjusted for maternal age, education, marital status and period of data collection (models including parity yielded unstable estimates).
rates before term than non-Aboriginal Australians have. 18 In the United States, the risk of stillbirth among black people is greatest at 20-24 weeks and at term compared with white people. 19 We were unable to determine how inequalities in stillbirth rates between Aboriginal and nonAboriginal groups in Quebec before 24 weeks compared with those in the US, because data were incomplete. Efforts are needed to record stillbirths at low gestational ages more completely in Quebec.
The high rates of stillbirth at term in the Inuit and First Nations groups nonetheless are cause for concern, especially the possibility that quality of antenatal care may underlie the disparities. The rate of perinatal infant death in Inuit regions in Quebec is lower with physician-led than with midwife-led care, although the difference is statistically nonsignificant. 6 Optimizing antenatal care through early delivery in high-risk pregnancies is an option, but potential benefits are uncertain and should be weighed against the risk of infant death. Effects of preterm birth on morbidity also may not be negligible. 20 Whereas the benefit of obstetric intervention before term is unclear, it is more difficult to argue against labour induction, or at least close obstetric follow-up, at term. Further, suboptimal quality of stillbirth data, owing to probable nondifferential misclassifications of the cause of death with the ICD 21 and incomplete use of autopsy, especially among Aboriginal people, is a challenge.
Our cause-specific stillbirth rates likely represent conservative estimates, although they point to different routes for prevention. Poor fetal growth and placental disorders may be sensitive to tobacco use, a known risk factor for stillbirth 1, 22 that is prevalent in Inuit and First Nations populations. 17, 23, 24 Other risk factors such as substance use 24, 25 and folate deficiency 26 could be targeted for congenital anomalies. 22 Efforts to prevent diabetes, a major risk factor for stillbirth, 27 may be warranted because the prevalence of diabetes in First Nations is 3 times that of the rest of Canada (15.5% v. 4.7%), and rates are steadily increasing. 17 Obesity is also prevalent in First Nations communities. 17 The extent to which stillbirths due to hypertension among First Nations people can be prevented through modification of lifestyle is unclear. There may also be genetic contributions to the differences in risk. 28 Many stillbirths were unexplained and may have been related to smoking or other preventable causes.
29
Limitations
We were limited by lack of information on risk factors such as income, smoking, maternal body mass index and substance use, although adjustment for such potential mediators may inadvertently attenuate the true differences in risk. We may have misclassified a proportion of Aboriginal births as non-Aboriginal, but this is unlikely to have affected non-Aboriginal stillbirth rates because of the much larger non-Aboriginal population. Ultrasonography is widely used to date gestation in Quebec, but the degree to which dating is based on ultrasonography in Aboriginal areas is unclear, especially in earlier study periods. Underregistration of stillbirths in Aboriginal groups is possible 30 and may have attenuated the disparities between the Aboriginal and nonAboriginal groups, especially at low gestational ages. Health care delivery for Inuit and some First Nations groups in Quebec relies on provincial funding, and Health Canada funds health care for First Nations not covered under provincial agreement. 31 Generalizability of the findings to other Canadian settings or alternate health care systems remains to be determined.
Conclusion
We found that stillbirth rates were higher among Inuit and First Nations than among non-Aboriginal residents of Quebec. The gap widened at later gestational ages and was largest at term, a period when most stillbirths are potentially preventable. Although cause-specific data on stillbirths were not optimal, poor fetal growth, placental disorders and congenital anomalies, which may be linked to smoking, predominated in the Inuit group, and diabetic and hypertensive complications, which may be linked to obesity, predominated in the First Nations group. This suggests opportunities for prevention through smoking and weight-reduction programs targeting women of reproductive age, and promotion of health education. Research on the roles of health care delivery and behaviour modification for prevention of term stillbirth is needed, and better collection of stillbirth data over the range of gestational age and by cause of death is required to more accurately measure inequalities in stillbirth between Aboriginal and non-Aboriginal people.
